This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



aUK Patent Applicationas,GB 2 090 811 A 



(21) Application No 8200348 

(22) Date of filing 
7 Jan 1982 

(30) Priority data 

(31) 223870 

(32) 9 Jan 1981 

(33) United States of America 
(US) 

(43) Application published 
21 Jul 1982 

(51) INTCL^ B66C 23/82 
E02F 3/86 

(52) Domestic classification 
B8H 323 403 430 553 
557 CA FC 

(56) Documents cited 

GB 1308982 
(58) Field of search 

B8H 

(71) Applicant 

Dresser Industries Inc 
The Dresser Building 
Elm and Akard Streets 
Dallas 

Texas 75221 
United States of 
America 

(72) Inventors 

John Frederick Krueck 
Donald Gale Braden 
William Joseph Askins 
(74) Agents 

A A Thornton & Co 
Northumberland House 
303-306 High Holborn 
London WC1V 7LE 



(54) Hydraulic cylinder control 
system 

(57) A multi-purpose lifting vehicle 
includes a hydraulic cylinder (44) 
for controlling the elevation of a 
boom hoist device (11) operably 
connected thereto. The device is 
alternatively usable in crane or front 
end loader modes of operation. The 
vehicle includes a hydraulic system 

(10) for controlling the operation of 
the cylinder (44) comprising: a 
multi-position mode selector valve 
(22) for selecting, raising, lowering 
or floating of the boom hoist device 

(11) ; a holding valve (40) for lock- 
ing the hydraulic fluid within the 
raising end (48) of the cylinder 
(44); a first bypass circuit (60) for 
enabling fluid to escape from the 
raising end (48) of the cylinder 
while fluid is simultaneously flowing 
to the lowering end 50; and a two- 



position valve 72 having a closed 
position for preventing flow of fluid 
through the valve when the selector 
valve (22) is in either its raising or 
lowering positions and an open po- 
sition for establishing a bypass path 
about the holding valve (40) when 
the selector valve (22) is in its float 
position, so that in the front end 
loader mode of operation the 
bucket and boom hoist device (11) 
may move upwardly and down- 
wardly in accordance with changes 
of contour of the terrain over which 
the vehicle is advancing. 
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SPECIFICATION 

Hydraulic cylinder control system and 
method 

5 

This invention relates to a control system and 
method for a hydraulic cylinder of a multi- 
purpose lifting vehicle having a boom hoist 
device. 

10 Multi-purpose lifting vehicles are designed 
to accept various attachments to enable the 
vehicle to be utilized in lifting different types 
of material. For example, the vehicle may be 
used as a crane when outfitted with a tote 

1 5 boom attachment, or employed as a front end 
loader with a bucket attachment. In either 
case, the vehicle's boom hoist device is em- 
ployed to raise or lower the boom or bucket 
respectively. 

20 When the vehicle Is utilized as a crane, the 
hydraulic fluid used as the actuating medium 
in the control system should be locked in the 
raising end of the hydraulic cylinder. The 
cylinder is attached to the boom hoist device 

25 for controlling the elevation thereof. The hy- 
draulic fluid maintains pressure within the 
raising end of cylinder to prevent the load 
bearing hook attached to the boom hoist 
device from unintended downward movement. 

30 When the vehicle is used as a front end 
loader, it is desirable to have the bucket and 
boom hoist device connected thereto "float", 
that is move downwardly or upwardly in ac- 
cordance with changes of contour of the ter- 

35 rain over which the vehicle is advancing. 
Since the bucket, in the front end loader 
mode of operation, is generally in contact with 
the terrain, allowing the bucket to float pre- 
vents the bucket from losing contact with the 

40 ground when a depression is encountered, or 
raising the front axle of the vehicle if a rise in 
the terrain is encountered. 

Accordingly, the need exists for a control 
for the hydraulic system which controls eleva- 

45 tion of a boom hoist device regardless of the 
operating mode of the vehicle. 

The preferred embodiment of the invention 
provides a system to control the elevation of a 
boom hoist device selectively operable in ei- 

50 ther crane or front end loader modes of opera- 
tion. The preferred system can lock the boom 
hoist device in a selected elevation when the 
boom hoist device is employed in a crane 
mode of operation and permit the boom hoist 

55 device to float when the device is employed in 
a front end loader mode of operation. 

The invention will be better understood 
from the following description of a preferred 
embodiment thereof given by way of example 

60 only, reference being had to the accompany- 
ing drawing wherein the sole Figure illustrates 
a control system for controlling the elevation 
of a boom hoist device employed on a multi- 
purpose lifting vehicle. 

65 Referring now to the drawing, there is dis- 



closed a preferred embodiment of the present 
invention. In particular, there is disclosed a 
control system 10 for a multi-purpose lifting 
vehicle having hydraulic cylinder means 44 
70 for controlling the elevation of a boom hoist 
device 1 1 connected thereto. The cylinder 
means is illustrated as a double acting motor 
having a piston end 48 which may be termed 
the "raising" end and a rod end 50 which 
75 may be termed the "lowering" end. The use 
of the terms indicates introduction of fluid into 
the specific end results in the boom hoist 
device moving in the specified manner. The 
vehicle may be alternately used as either a 
80 crane or as a front end loader. 

Control system 10 includes sump 12 serv- 
ing as a source of hydraulic fluid. Pump 16 
delivers hydraulic fluid from sump 12 through 
line 14 to the inlet side of mode selector valve 
85 22. Valve 22 includes a movable spool having 
a plurality of conduits, with movement of the 
spool selectively aligning one or more of the 
conduits which are selectively movable into 
alignment with the inlet and outlet from the 
90 valve to determine the mode of operation of 
the control system. Such internal conduits 
provide a boom hoist device raise (R), lower 
(L) and float (F) modes of operation for the 
boom hoist device, and thus the multi-purpose 
95 lifting vehicle. The valve further includes a 
neutral position (N) (the position actually illus- 
trated in the drawing) to provide free flow of 
fluid from pump 16 to sump 12. 

The raise position (R) of valve 22 includes 

100 internal conduits 24, 26; the float position (F) 
includes conduits 27, 28, and 29, the lower 
position (L) includes conduits 30 and 32, and 
the neutral position (N) includes conduit 31. 
The arrows on the various conduits of valve 

105 22 indicate fluid flow direction through the 
conduits. For example, when it is desired to 
lower boom hoist device 1 1 , conduits 30 and 
32 of valve 22 are respectively aligned with 
lines 18 and 66, thereby placing line 18 in 

110 communication with line 36, and line 66 in 
communication with line 34. The overall man- 
ner in which valve 22 functions shall be more 
fully explained hereinafter. 

Conduit 34, connected to valve 22, com- 

1 15 municates with conduit 38. This conduit in 

part forms a first flow path communicating the 
selector valve with hydraulic cylinder means 
44. A unidirectional flow control valve 40, 
illustrated as a check valve, is disposed within 

1 20 conduit 38 to regulate flow of fluid there- 
through. Flow control valve 40 permits fluid 
to flow from conduit 34 through conduit 38 
to raise end 48 of hydraulic cylinder means 
44. The valve further prevents reverse flow of 

125 fluid from raise end 48 of the cylinder means 
through conduit 38 and thence into conduit 
34, 

Conduit 56, having normally closed valve 
60 controlling the flow of fluid therethrough 
130 defines a bypass path about valve 40 from 



GB209081 1 A 



raise end 48 of cylinder means 44. As shall 
be more fully explained hereinafter, when 
hydraulic fluid is flowing through pilot line 
60, a pressure is developed to move internal 
5 conduit 62 of valve 58 into alignment with 
conduit 56 to open the bypass path. 

As noted previously, conduit 36 communi- 
cates with selector valve 22. The conduit is 
also in communication with lowering end 50 

10 of hydraulic cylinder means 44 through exter- 
nal conduit 52. A second internal conduit 54 
is formed within the housing and is in com- 
munication with conduit 52, and also with 
pilot line 58. When hydraulic fluid flows from 

1 5 valve 22 through conduit 36 and external 
conduit 52, a parallel flow is also established 
through conduit 54 and thence through con- 
duit 58. 

Control system 10 further includes a second 

20 normally closed valve 70. Valve 70 includes 
an internal conduit 72 which is selectively 
movably aligned with conduits 34 and 74 for 
placing the valve in an open condition. The 
valve may be manually or automatically 

25 placed into an open condition for a reason to 
be more fully explained hereinafter. In the 
present embodiment, valve 70 is manually 
operated- Conduit 72 of valve 70 permits flow 
of fluid in either direction through the valve. 

30 As conduit 74 communicates through conduit 
38 with raised end 48 of hydraulic cylinder 
means 44, valve 70 when in an open state, 
establishes a second bypass path about flow 
control valve 40. 

35 A normally closed thermal relief valve 76 is 
also provided. Valve 76 includes a conduit 78 
which is aligned with conduits 74 and 68 to 
place valve 76 in an open condition. Valve 78 
opens when the hydraulic pressure within line 

40 74 becomes excessive due to an increased 
temperature of the hydraulic fluid. Pilot line 
80 provides hydaulic fluid to the valve for 
generating a force to overcome the force 
provided by spring 82. The spring is em- 

45 ployed to maintain the valve in its normal 
state. 

Conduits 64, 66 and 68 are provided for 
returning hydraulic fluid to sump 12. As illus- 
trated, when valve 22 is in its neutral posi- 
50 tion, conduits 14 and 31 are in communica- 
tion with conduit 64 for permitting free circu- 
lation from pump 1 6 to sump 1 2. 

Operation 

55 In operation, hydraulic fluid contained 
within sump 12 is delivered by pump 16 
through conduit 14 to mode selector valve 
22. When the mode selector valve is in the 
raise mode of operation, internal conduits 24 

60 and 26 are aligned respectively with conduits 
18 and 36 for respectively delivering hydrau- 
lic fluid through conduit 34 to raising end 48 
and returning hydraulic fluid from lowering 
end 50 via conduits 36 and 66 to the sump. 

65 The hydraulic fluid delivered through con- 



duit 34 flows through conduit 38 and devel- 
ops a pressure to open check valve 40 and 
flows into raising end 48 of hydraulic cylinder 
means 44. The fluid within raising end 48 
70 develops a pressure acting on piston 46 to 
move the piston upwardly and raise boom 
hoist device 1 1 connected to rod 47 of the 
piston. Fluid contained within lowering end 
50 of hydraulic cylinder means 44 is forced 
75 therefrom by the upward movement of the 
piston and flows through conduit 36, conduit 
26 of valve 22 and condiut 66 to the sump. 
Spring 61 maintains valve 60 in its normally 
closed position as any fluid flow through pilot 
80 conduit 58 fails to generate a sufficient force 
to overcome the spring force. Similarly, valve 
70 is in its normally closed position to prevent 
any fluid flow between conduits 34 and 74. 
Thus, any fluid delivered to raising end 48 of 
85 hydraulic cylinder means 44 is locked 

therewithin for maintaining the elevation of 
boom hoist device at a desired position, once 
additional fluid flow to raising end 48 of 
cylinder means 44 is discontinued. 
90 When selector valve 22 is in its lowering 
mode of operation, conduit 30 is aligned with 
conduits 18 and 36 while conduit 32 is 
aligned with conduits 34 and 66. Thus, hy- 
draulic fluid is delivered through conduits 1 8 
95 and 36 into lowering end 50 of hydraulic 
cylinder means 44. Simultaneously, the hy- 
draulic fluid is furnished through conduits 54 
and 58 to valve 60 to place conduit 62 in 
alignment with conduits 56 and 34, providing 
100 fluid flow communication therebetween. As 
piston 46 is lowered through flow of hydraulic 
fluid to lowering end 50 of the cylinder 
means, hydraulic fluid is forced out of raising 
end 48 and flows through conduit 56 and 34 
105 to conduits 32 and 66 to the sump. Valve 60, 
when opened as a result of the fluid pressure 
within pilot conduit 58, defines a bypass path 
about flow control valve 40. The raise and 
lower positions of mode selector valve 22 are 
110 employed when the multi-purpose lift vehicle 
is used as a crane, or to mechanically control 
movement of the boom hoist devi.ce when the 
vehicle is used as a front end loader. 

When the vehicle is employed as a front 
115 end loader conduits 27, 28, 29 providing the 
float function of mode selector valve 22 are 
aligned respectively with conduits 36, 34 and 
66, and 14 and 64. Simultaneously, valve 70 
is opened (either manually or automatically) 
120 thereby placing conduit 72 in communication 
with conduits 34 and 74. The float mode of 
operation enables the bucket attachment em- 
ployed on the vehicle as a front end loader to 
ride along the ground and follow the contour 
1 25 of the terrain. 

With valve 22 in its float position, flow 
through conduit 18 and valve 20 is discontin- 
ued. The output from pump 16 is delivered 
via conduits 14 and 29, and 64 to sump 12. 
1 30 Conduit 36 communicates with conduit 28 of 
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valve 22 and conduit 66. Further, conduit 27 
of valve 22 communicates with both conduits 
66 and 34. Conduits 27 and 28 are con- 
nected together to provide communication be- 
5 tween conduits 36, 34 and 66. 

In the float mode of operation, when the 
bucket attachment encounters a rise in the 
terrain, the bucket is lifted upwardly which in 
turn, causes piston 46 to move upwardly 

10 within cylinder means 44. The upwardly 

movement of the piston forces hydraulic fluid 
from lowering end 50 through conduit 36 and 
thence into conduit 27. Since the upward 
movement of the piston has created some- 

1 5 what of a vacuum in raising end 48 of the 

cylinder means, the fluid passing through con- 
duit 28 follows the path of least resistance, 
thus flowing through conduits 28 and 34 
valve 70 and conduit 74 into raising end 48 

20 of cylinder means 44. 

Similarly, when the bucket attachment 
moves across a depression in the terrain over 
which the multi-purpose vehicle is advancing, 
the bucket moves downwardly simultaneously 

25 forcing piston 46 downwardly within cylinder 
means 44, Fluid is forced from raising end 48 
of the cylinder and passes through conduits 
74, 72 and 34 to the mode selector valve. As 
conduit 34 is aligned with conduit 28 of the 

30 valve, the fluid flows through this conduit and 
passes into conduit 27 of the valve and 
thence flows through conduit 36 to lowering 
end 50 of the cylinder means as the down- 
ward movement of piston 46 creates some- 

35 what of a vacuum within the lowering erid. As 
mentioned previously, when the vehicle is 
employed as a front end loader and it is 
desired to control the raising and lowering of 
the bucket attachment, valve 22 is selectively 

40 placed in its raise or lower positions to effect 
the desired movement of the bucket. 

The utilization of valve 70 provides a nor- 
mally closed bypass path about valves 40 and 
60. valve 70 is opened in the float mode of 

45 operation to permit fluid flow between the 
raising and lowering ends of cylinder means 
44. The foregoing allows the boom hoist 
device to move freely upwardly or down- 
wardly to follow the contour of the ground. 

50 The control system herein described enables 
the multi-purpose lifting vehicle to be effec- 
tively operated as either a crane or as a front 
end loader. In the crane position, the control 
system effectively locks the boom hoist device 

55 at a desired elevation whereas in the front end 
loader mode of operation, the system effec- 
tively enables the bucket attachment to follow 
the contour of the terrain over which the 
vehicle is advancing. 

60 While the preferred embodiment of the pre- 
sent invention has been described and illus- 
trated, the invention should not be limited 
thereto but may be otherwise embodied 
within the scope of the following claims. 



CLAIMS 

1. A control system for controlling the 
supply of hydraulic fluid to the hydraulic cylin- 
der means of a hydraulic boom hoist device, 

70 the control system comprising: a mode selec- 
tor valve having at least first, second and third 
operating positions respectively for raising, 
lowering and enabling the boom hoist device 
to float; means for delivering hydraulic fluid to 

75 said valve; means defining a first flow path 
effective in the first operating position of said 
selector valve to deliver hydraulic fluid to the 
raising end of said cylinder means; a one-way 
flow valve connected to said first flow path 

80 defining means for preventing reverse flow of 
fluid from said raising end of said cylinder 
means; means defining a second flow path 
effective in the second operating position of 
said selector valve for delivering hydraulic 

85 fluid to the lowering end of said cylinder 
means; blood means operative when fluid is 
delivered to said lowering end of said cylinder 
means to bleed fluid from said raising end; 
and means including a flow control valve 

90 defining a third flow path effective in the third 
position of said selector valve for delivering 
hydraulic fluid to said raising end from said 
lowering end of said cylinder means or to said 
lowering end from said raising end thereof. 

95 2. A control system according to claim 1 
wherein the bleed means comprises: an nor- 
mally closed bypass valve means defining a 
bypass path around said one-way flow valve; 
and actuator means responsive to fluid being 
100 delivered to said lowering end to open said 
bypass valve means to permit flow through 
said bypass path. 

3. A control system according to claim 2 
wherein said normally closed bypass valve 

105 means and said one-way flow valve terminate 
flow through their respective flow paths when 
fluid is flowing through said third flow path. 

4. Any preceding claim wherein said flow 
control valve is a dual position valve having a 

1 10 first position for preventing flow of fluid 

through the third flow path when the selector 
valve is either in its first or second position 
and a second position when the selector valve 
is placed in its third position for enabling fluid 

1 1 5 to flow to said raising end from said lowering 
end or to said lowering end from said raising 
end. 

5. A multi-purpose lifting vehcile having a 
boom hoist device operated by hydraulic cylin- 

1 20 der means, and including a control system 
according to any preceding claim for control- 
ling the supply of hydraulic fluid to the hy- 
draulic cylinder means. 

6. A multi-purpose lifting vehicle having 
125 hydraulic cylinder means for controlling the 

elevation of a boom hoist device operably 
connected thereto, said device being alterna- 
tively usable in a crane or in a front end 
loader mode of operation, the vehicle includ- 
130 ing a control system for said cylinder means 
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comprising: 

a sump serving as a source of hydraulic 

fluid; 

a mode selector valve for selecting the 
5 specific mode of operation for said boom hoist 
device, said valve having first, second and 
third operating positions respectively for rais- 
ing, lowering and enabiing the boom hoist 
device to float; 
10 pump means communicating with said 
sump for delivering fluid from the sump to 
said valve; 

a holding valve for locking the hydraulic 
fluid within the raising end of said cylinder 
1 5 means for maintaining raised elevation of the 
boom hoist device during crane mode ov oper- 
ation; 

a first bypass circuit about said holding 
valve for enabling fluid to escape from the 
20 raising end of the cylinder means while fluid 
is simultaneously ficv/ing to the lowering end 
thereof during the crane mode of operating; 
and 

a two-position valve having a closed posi- 
25 tion for preventing flow of fluid through said 
valve when the selector vaive is in either its 
raising or lowering positions, and an open 
position for establishing a second bypass path 
about the holding valve when the selector 
30 valve is in its float position for enabling fluid 
to flow to said raising end of said cy^nder 
nneans from said lowering end thereof, or to 
said lov/ering end of said cylinder nrieans from 
said raising end thereof in accordance with 
35 changes of contour of the terrain over which 
the lifting vehicle is advancing. 

7. A method of controlling the operation 
of a hydraulic cylinder employed for control- 
ling the elevation of a boom hoist device 

40 operably connected thereto and utilized on a 
multi-purpose lifting vehicle, having crane and 
front end loader modes of operation said 
method comprising the steps of: directing the 
fluid to a raising end of the cylinder means for 

45 raising the boom hoist device; preventing the 
fluid from exiting from the raising portion of 
the cylinder means when the boom hoisc 
device is raised during the crane mode of 
operation; establishing a first bypass path 

50 through which fluid can exit from the raising 
end of the cylinder means while fluid is simul- 
taneously flowing to a lowering end of the 
cylinder means when the boom hoist device is 
lowered; and establishing a second bypass 

55 path solely operably when the vehicle is em- 
ployed as a front end loader for enabling fluid 
to flow to said raising end of the cylinder 
means from the lowering end thereof, or to 
the lowering end of the cylinder means from 

60 the raising end thereof in accordance with 
changes of contour of the terrain over which 
the lifting vehicle is advancing. 

8. A control system, substantially as here- 
inbefore described with reference to and as 

65 shown in the accompanying drawing. 



9. A multi-purpose lifting vehicle, substan- 
tially as hereinbefore described with reference 
to and as shown in the accompanying draw- 
ing. 

70 10- A method of controlling the operation 
of a hydraulic cylinder, substantially as herein- 
before described with reference to the accom- 
panying drawing. 
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